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1
PROGRAMMABLE CLOCK BOOSTER
SYSTEM

RELATED APPLICATIONS

This application claims priority of U.S. Provisional Appli-
cation No. 60/636,725 filed Dec. 16, 2004, incorporated by
reference herein.

FIELD OF THE INVENTION

This invention relates to an improved programmable clock
booster system.

BACKGROUND OF THE INVENTION

Many electrical circuits require voltages to be boosted
higher than the supply voltage of the circuit. One prior art
method to provide a boosted voltage is a switched capacitor
voltage doubler circuit. This method samples an input volt-
age, e.g., the supply voltage, on a capacitor during one phase
and then connects the capacitor in series with the input volt-
age during a second phase to create a boosted output voltage
at the top plate of the capacitor is equal to twice the input
voltage. This same circuit is often used as a clock booster by
connecting the capacitor in series with a clock voltage during
the second phase. Because prior art clock boosters or voltage
doublers are designed to boost the output voltage to double
the supply voltage, they do not provide a boosted voltage that
is between the supply voltage and double the supply voltage
that may be useful in many designs.

This problem can be resolved with a variation of the volt-
age doubler by sampling the supply voltage, e.g., V5, onthe
capacitor in the first phase and then connecting the capacitor
in series with a boosting voltage in the second phase so that
the top plate of the capacitor is boosted to the sum of the
supply voltage, V5, and the boosting voltage. Conversely, a
boosting voltage can first be sampled on the capacitor in the
first phase and then the capacitor is connected in series with
the supply voltage, V5, in the second phase so that the
boosted output is the sum of the supply voltage, V ,, and the
boosting voltage. However, such a design requires a second
low impedance voltage source to provide the boosting voltage
and this requires extra power.

Another approach is to add an attenuator capacitor to a
conventional voltage doubler circuit. In this approach, the
attenuator capacitor is connected to the top plate of the boost
capacitor. During the first phase, the input voltage, e.g., V55,
is sampled on the boost capacitor. During the second phase,
V pp 1s connected to the bottom plate of the boost capacitor.
The voltage at the top plate of the boost capacitor is attenuated
by the capacitive divider action of the boost capacitor and the
attenuator capacitor. The result is that the boosted output
voltage at the top plate of the boost capacitor is between V
and two times V ,,,, as determined by the capacitor values of
the boost capacitor and the attenuator capacitor. The advan-
tage of this approach is that only a single low impedance input
voltage, e.g., Vp, is needed. However, the circuit relies on
selecting the attenuating capacitor for a specific desired
boosted output voltage and therefore does not provide a pro-
grammable boosted output voltage.

It is often desirable to use a series-pass switch at the output
of'atypical clock booster or voltage doubler circuit so that the
boosted voltage is allowed to pass to the output only during
the boosted phase, e.g., in the second phase. Such a switch
must be on during the boosted phase and off during the
charging phase, e.g., the first phase. Prior art boosters typi-
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cally employ a PMOS series-pass switch with the gate of the
series-pass switch tied to a fixed voltage, typically V5, and
the source tied to the boosted voltage node. Thus, when the
boosted voltage node rises sufficiently above the supply, the
PMOS series-pass switch turns on and the boosted voltage
passes to the output. When the boosting voltage node drops
below V,, plus the threshold voltage, V , the PMOS switch
shuts off. However, conventional booster circuits are not
designed to adjust or program the voltage at the gate of the
series-pass switch to ensure the series-pass switch is off in
one phase and on in another phase. Conventional clock
booster circuits also cannot program the boosted voltage
required to enable the series-pass switch over a range of
programmable boost voltages.

BRIEF SUMMARY OF THE INVENTION

It is therefore an object of this invention to provide an
improved programmable clock booster circuit system.

It is a further object of this invention to provide such a
programmable clock booster system which eliminates the
need for additional low impedance or buffered input voltages
other than the supply voltage.

It is a further object of this invention to provide such a
programmable clock booster system which provides a pro-
grammable boosted voltage.

It is a further object of this invention to provide such a
programmable clock booster system which may include a
programmable voltage controlled series-pass switch that
passing a programmable boosted voltage to the output node
only when the switch is enabled.

It is a further object of this invention to provide such a
programmable clock booster system which can adjust and
program the control voltages required to enable and disable
the series-pass switch.

It is a further object of this invention to provide such a
programmable clock booster system which adjusts the volt-
age at the gate of the series-pass switch to ensure the series-
pass switch is on in one phase and off in another phase.

It is a further object of this invention to provide such a
programmable clock booster system which is less complex.

This invention results from the realization that an improved
clock booster system that provides a programmable boosted
voltage is effected with a clock booster circuit that includes a
boost capacitor connected between a first node and a second
node that samples an input voltage in a first clock phase and
applies a boosting voltage to the second node in a second
phase, and a programmable capacitor circuit connected to the
first node that provides a programmable boosted voltage on
the first node during the second phase that is between the
input voltage and the sum of the input voltage and the boost-
ing voltage. This invention results from the further realization
that an improved clock booster system that includes a series-
pass switch connected to a capacitor circuit is effected with a
gate drive circuit connected to a gate of the series-pass switch
that adjusts the voltage at the gate to a predetermined voltage
that disables the series-pass switch in a first phase and that
adjusts the voltage at the gate to areduced voltage that ensures
the series-pass switch is enabled in a second phase.

The subject invention, however, in other embodiments,
need not achieve all these objectives and the claims hereof
should not be limited to structures or methods capable of
achieving these objectives.

This invention features a programmable clock booster sys-
tem including a clock booster circuit including at least one
boost capacitor connected between a first node and a second
node for sampling an input voltage in a first phase and apply-
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ing a boosting voltage to the second node in a second phase,
and a programmable capacitor circuit connected to the first
node for providing a programmable boosted voltage on the
first node during the second phase.

In a preferred embodiment, the programmable boosted
voltage is between the input voltage and the sum of the input
voltage and the boosting voltage. The programmable capaci-
tor circuit may include a capacitor array including at least two
switched capacitors. The programmable boosted voltage may
be determined by the capacitance of the at least one boost
capacitor and the total capacitance of the enabled capacitors
of the capacitor array. The system may further include a
series-pass switch connected to the programmable capacitor
circuit for preventing the programmable boosted voltage to
pass to an output node in the first phase and allowing the
boosted voltage to pass to the output node in the second phase.
The series-pass switch may include a voltage controlled
switch responsive to a control voltage that enables or disables
the series-pass switch. The series-pass switch may also
include at least one transconductance component chosen
from the group consisting of a PMOS device and an NMOS
device. The series-pass switch may include a PMOS device. A
predetermined voltage may be applied to a gate of the PMOS
device that ensures the PMOS device is off in the first phase
and on in the second phase. The system may further include a
gate drive circuit connected to a gate of the series-pass switch
for adjusting the voltage at the gate to a first predetermined
voltage that disables the series-pass switch in the first phase
and for adjusting the voltage at the gate to a second predeter-
mined voltage that enables the series-pass switch in the sec-
ond phase. The gate drive circuit may include a plurality of
switching devices connected to a plurality of voltage sources.
The gate drive circuit may include a programmable digital-
to-analog converter or a resistive divider circuit. The gate
drive circuit may include a voltage controlled switching
device connected to the gate of the series-pass switch for
setting the voltage on the gate to the first predetermined
voltage in the first phase and a capacitor divider circuit con-
nected to the gate for adjusting the voltage on the gate to the
second predetermined voltage in the second phase. The
capacitive divider circuit may include at least first and second
capacitors. One or both of the first and second capacitors may
include a programmable capacitor. The programmable
capacitor may include a capacitor array having at least two
switched capacitors. The second predetermined voltage may
be determined by the capacitance of the first and second
capacitors. The capacitance of the first and second capacitors
may be chosen so that the second predetermined voltage
tracks the boosted voltage. The input voltage and the capaci-
tance of the boost capacitor, the programmable capacitor
circuit and the gate drive circuit may be selected so that the
gate drive circuit may generate a constant gate to source
voltage on the series-pass switch over variations in the pro-
grammable boosted voltage.

This invention also features a programmable clock booster
system including a clock booster circuit including at least one
boost capacitor connected between a first node and a second
node for sampling an input voltage in a first phase and apply-
ing a boosting the voltage at the second node in a second
phase, a capacitor circuit connected to the first node for pro-
viding a variable boosted voltage between the input voltage
and the sum of the input voltage and the boosting voltage. A
series-pass switch connected to the programmable capacitor
circuit prevents the variable boosted voltage from passing to
an output node in the first phase and allows the variable
boosted voltage to pass to the output node in the second phase.
A gate drive circuit connected to a gate of the series-pass
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switch adjusts the voltage at the gate to a first predetermined
voltage that disables the series-pass switch in the first phase
and adjusts the voltage at the gate to a second predetermined
voltage that enables the series-pass switch in the second
phase.

In a preferred embodiment, the capacitor circuit may
include a capacitor array including at least two switched
capacitors. The variable boosted voltage may be determined
by the capacitance of the at least one boost capacitor and the
total capacitance of the enabled capacitors of the capacitor
array. The series-pass switch may include a voltage con-
trolled switch responsive to a control voltage that enables or
disables the series-pass switch. The series-pass switch may
include at least one transconductance component chosen
from the group consisting of a PMOS device and an NMOS
device. The series-pass switch may include a PMOS device. A
predetermined voltage may be applied to a gate of the PMOS
device that ensures the PMOS device is off in the first phase
and on in the second phase. The gate drive circuit may include
a plurality of switching devices connected to a plurality of
voltage sources. The gate voltage circuit may include a pro-
grammable digital-to-analog converter or a resistive divider
circuit. The gate drive circuit may further include a voltage
controlled switching device connected to the gate of the
series-pass switch for setting the voltage on the gate to the
first predetermined voltage in the first phase and a capacitor
divider circuit connected to the gate for adjusting the voltage
on the gate to the second predetermined voltage in the second
phase. The capacitive divider circuit may include at least first
and second capacitors. One or both of the first and second
capacitors may include a programmable capacitor. The pro-
grammable capacitor may include a capacitor array having at
least two switched capacitors. The second predetermined
voltage may be determined by the capacitance of the first and
second capacitors. The capacitance of the first and second
capacitors may be chosen so that the second predetermined
voltage tracks the variable boosted voltage. The input voltage
and the capacitance of the boost capacitor, the capacitor cir-
cuit and the gate drive circuit may be selected so that the gate
drive circuit generates a constant gate to source voltage on the
series-pass switch over variations in the variable boosted
voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages will occur to those
skilled in the art from the following description of a preferred
embodiment and the accompanying drawings, in which:

FIG.11s a simplified schematic circuit diagram of a typical
prior art clock booster or voltage doubler;

FIG. 2 is a simplified schematic circuit diagram of a typical
prior art clock booster that includes a series-pass switch;

FIG. 3 is a simplified schematic circuit diagram of one
embodiment of the programmable clock booster system of
this invention;

FIG. 4 is a simplified schematic circuit diagram showing
one example of the programmable capacitor circuit shown in
FIG. 3,

FIG. 5 is a schematic circuit diagram showing in further
detail one example of the components of the programmable
clock booster system shown in FIG. 4;

FIG. 6 is a simplified schematic circuit diagram showing a
series-pass switch connected to the programmable clock
booster system shown in FIG. 3;

FIGS. 7A-7C are schematic circuit diagrams showing vari-
ous embodiments of the series-pass switch shown in FIG. 6;
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FIG. 8 is a schematic circuit diagram of another embodi-
ment of the programmable clock booster system of this inven-
tion including a gate drive circuit connected to a series-pass
switch;

FIGS. 9A and 9B are schematic circuit diagrams showing
various examples of the gate drive circuit switch shown in
FIG. 8;

FIG. 10 is a schematic circuit diagram of another embodi-
ment of the gate drive circuit shown in FIG. 8;

FIG. 11 is a schematic circuit diagram of another embodi-
ment of the programmable clock booster shown in FIG. 10
that provides a constant gate-to-source voltage on the series-
pass switch;

FIG. 12 is a schematic circuit diagram showing in further
detail the components of the programmable capacitor circuit
and the gate drive circuit shown in FIG. 11; and

FIG. 13 is a schematic circuit diagram of another embodi-
ment of the clock booster system in accordance with this
invention.

DISCLOSURE OF THE PREFERRED
EMBODIMENT

Aside from the preferred embodiment or embodiments
disclosed below, this invention is capable of other embodi-
ments and of being practiced or being carried out in various
ways. Thus, it is to be understood that the invention is not
limited in its application to the details of construction and the
arrangements of components set forth in the following
description or illustrated in the drawings. If only one embodi-
ment is described herein, the claims hereof are not to be
limited to that embodiment. Moreover, the claims hereof are
notto beread restrictively unless there is clear and convincing
evidence manifesting a certain exclusion, restriction, or dis-
claimer.

As discussed in the Background section above, conven-
tional clock booster or voltage doubler circuit 10, FIG. 1, is
designed to double the input voltage V,, 12 by sampling
input voltage V,, 12 in a first phase with boost capacitor 18
by closing switching devices 14 and 16 and opening switch-
ing devices 20 and 22. At the end of the first phase, switching
devices 14 and 16 are opened thus sampling input voltage
V pp 12 onto boost capacitor 18. In a second phase, switching
devices 14 and 16 are open while switching devices 20 and 22
are closed connecting V,,,, 24 to bottom plate 17 of boost
capacitor 18 at node 27 via switching device 22. This results
in the voltage at node 26,V , s being boosted to the sum of
the previously sampled input voltage V,,, 12 and the input
voltage V,, at 24, e.g., Vg osr is equal to 2 V.. However,
because clock booster circuit 10 is designed to double the
input or supply voltage, clock booster circuit 10 does not
provide a boosted voltage, V5057 that is between the supply
voltage, Vp, and twice Vp, €.8., 2V 5, that is often useful
in some designs.

When attenuating capacitor 25 is connected to clock
booster circuit 10, the voltage, V3,47 at node 26 at the end
of the second phase is less than twice the input voltage, e.g.,
Vsoosr 18 less than 2 V. During the first phase, circuit
clock booster 10 operates as a conventional booster circuit
and V512 is sampled onto the boost capacitor 18. During the
second phase, V,, 24 is applied to bottom plate 17 of boost
capacitor 18 by node 27 through switch 22. The capacitive
divider action of boost capacitor 18 and attenuator capacitor
25 causes the boosted voltage at node 26 to increase to value
less than 2V, as determined by the capacitor values of boost
capacitor 18 and attenuator capacitor 25. However, conven-
tional clock booster circuit 10 with attenuating capacitor 25
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cannot program the attenuated boosted voltage at node 26 and
relies solely on selecting the capacitance of attenuating
capacitor 25 and boost capacitor 18 to achieve a desired
boosted voltage.

When a switch, such as series-pass switch 30, FIG. 2,
where like parts have been given like numbers, is added to
clock booster circuit 10, series-pass switch 30 is passively
turned on by the boosted voltage, V7 at node 26 in the
second phase and passively turned off when the voltage at
node 26 is equal to the supply voltage, e.g., V. As discussed
above, conventional clock booster circuit 10 is not designed
to adjust or program the voltage at gate 31 to ensure series-
pass switch 30 is off in a first phase and on in a second phase.

In contrast, programmable clock booster system 40, FIG.
3, of this invention includes clock booster circuit 42 with
boost capacitor 43 (C1) connected between node 44 and node
49 for sampling input voltage V1 47 in a first phase, ¢,, and
applying a boosting voltage, e.g., V2 58, to node 49 in a
second phase, ¢,. ¢, signal 50 and ¢, signal 52 are of opposite
phase and may be aligned or non-overlapping, as shown by ¢,
signal 50" and ¢, signal 52'. Switching devices 46 and 48 are
responsive to ¢, signal 50 that closes switching devices 46
and 48 in ¢,, indicated at 56, and switching device 54 is
responsive to ¢, signal 52 that opens switching device 54 in
¢,. Thus, at the end of ¢,, the input voltage V1 47 is sampled
by boost capacitor 43. In the second phase, ¢,, indicated at 57,
switching devices 46 and 48 are open and switching device 54
is closed so that the voltage V2 58, e.g., the boosting voltage,
is applied to node 49 connected to bottom plate 51 of boost
capacitor 43.

Programmable capacitor circuit 62 (CA), discussed below,
is connected to node 44 and provides a programmable
boosted voltage, V z ,os7> at node 44 during the second phase,
¢,. The capacitor values of boost capacitor 43 and program-
mable capacitor circuit 62 can be chosen to provide any
desired programmable boosted voltage, Vz,,¢7 at node 44
that is between the input voltage V1 47 and the sum of input
voltage 47 and the boosting voltage V2 58. When V1 47 is
equal to V2 58 and V1 47 and V2 58 are both equal to V,,,
Vsoosr at node 44 can be programmed to be any desired
programmable voltage between V,, and two times V,,
without the need for any additional low impedance sources or
buffered input voltages.

Programmable capacitor circuit 62 (CA) typically includes
capacitor array 64, FIG. 4, where like parts have been given
like numbers, that includes switched capacitor 66 (CA, ) with
switching device 71 (SA)), capacitor 68 (CA,) with switch-
ing device 72 (SA,), and capacitor 70 (CA,,) with switching
device 74 (SA ). The programmable boost voltage at node 44
is generated with capacitor array 64 by selectively enabling
various switched capacitors 66-70 by closing the associated
switching devices 71-74. The programmable boosted voltage
atnode 44 at the end of ¢, is determined by the capacitance of
boost capacitor 43 and the total capacitance of the enabled
switched capacitors 66-70 of capacitor array 64 as shown by
the formula:

Cl 1
VBoostg, = V1 + vz(m] M
where V1 and V2 are input voltages, e.g., V147 and V2 58, C1
is the capacitance of boost capacitor 43 and CA is the total
capacitance of the enabled switched capacitors 66-70 of
capacitor array 64.
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In operation, as discussed above, during ¢,, switching
devices 46 and 48 are closed while switching device 54 is
open and the voltage V1 47 is sampled at node 44. In this
example switching devices 71-74 are programmed to be
closed so that switched capacitors 66-70 are enabled, collec-
tively referred to as CA, and charged to the voltage V1 47.
Thus, at the end of ¢, the voltage V1 47 is sampled by boost
capacitor 43 and capacitors 66-70 (CA). During ¢, switching
devices 46 and 48 are open and switching device 54 is closed.
Bottom plate 45 of boost capacitor 43 is driven to the voltage
V2 58 andnode 44 is floating. The capacitive divider action of
boost capacitor 43 and the total capacitance of the enabled
switched capacitors 66-70 (CA) of capacitor array 64 results
in the programmable boosted voltage at node 44, V5 5657,0
that is between V1 47 and the sum of V1 47 plus V2 48, as
shown by the formula (1) above. The result is that any desired
programmable boosted voltage at node 44 can be achieved by
selectively enabling various switched capacitors 66-70 in
capacitor array 64.

FIG. 5, where like parts have been given like numbers,
shows one exemplary embodiment of programmable clock
booster system 405 in accordance with this invention. In this
example V1 47 is equal to V,, and is connected through
NMOS switching device 46. V2 58 is also equal to V , , which
is connected through PMOS switching device 54. In this
example, switching devices 48 and 54 are NMOS and PMOS
devices, respectively, configured as inverter 69. Switching
device 48 is enabled when ¢, signal 50 is high, indicated at 61,
and switching device 54 is enabled when ¢, signal 50 is low,
indicated at 63. Programmable clock booster system 405 also
includes NMOS device 77 that is cross-coupled to switching
device 46. Sampling capacitor 75 (CO) is connected to
NMOS device 77 and inverter 76. Inverter 76 is responsive to
¢, signal 52 and includes PMOS device 81 and NMOS device
83. In this design, capacitor array 64' includes switched
capacitors 66' and 68' with switching devices 71' and 72' that
include NMOS devices.

Programmable clock booster system 40c, FIG. 6, where
like parts have been given like numbers includes clock
booster circuit 42 programmable capacitor circuit 62
described above connected to series-pass switch 80. Series-
pass switch 80 prevents the programmable boosted voltage,
V s00s7 at node 44 from passing to output node 82 in the first
phase, ¢, and allows the programmable boosted voltage at
node 44 to pass to output node 82 in the second phase, ¢,. In
one design, series-pass switch 80 includes a voltage con-
trolled switch, such as voltage controlled switch 80a, FIG.
7A, that is responsive to a control voltage, V., applied at
control terminal 85 that disables voltage controlled switch
80a in ¢, and enables voltage controlled switch 80a in ¢,.
Series-pass switch 80 may include voltage controlled switch
8054, FIG. 7B, that is a transconductance device, such as a
PMOS or NMOS type device, responsive to the control volt-
age applied at control terminal 85 that similarly disables
voltage controlled switch 805 in ¢, and enables voltage con-
trolled switch 805 in ¢,. In one preferred design, series-pass
switch 80 includes voltage controlled switch 80c, FIG. 7C,
e.g., a PMOS device, that is responsive to a predetermined
voltage, V ;, applied to gate 86 that ensures voltage controlled
switch 80c¢ is off in ¢, and enabled in ¢,.

Programmable clock booster system 404, FIG. 8, where
like parts have been given like numbers, includes clock
booster circuit 42 and programmable capacitor circuit 62 as
described above that provides a programmable boosted volt-
age, Vzoosratnode 44. Similarly, series-pass switch 80, e.g.,

20

25

30

35

40

45

50

55

60

65

8

a PMOS device, is connected to programmable capacitor
circuit 62. Series-pass switch 80 may also be an NMOS or
similar type device.

Gate drive circuit 90 is connected to gate 92 of series-pass
switch 80 and adjusts the voltage at gate 92 to a first prede-
termined voltage, e.g., VP~ 98, that disables series-pass
switch 80 in a first phase, ¢, . Gate drive circuit 90 also adjusts
the voltage at gate 92 to a second predetermined voltage, e.g.,
VP, 100, in a second phase, ¢, that ensures series-pass
switch 80 is enabled in ¢,. VP, 100 is typically less than or
equal to the minimum programmable boosted voltage minus
the threshold voltage (V ;) of series-pass switch 80 that is
needed to enable series-pass switch 80. Gate drive circuit 90
typically includes voltage controlled switching devices 94
and 96 connected to voltage VP ;98 and VP ,,,100, respec-
tively. Switching devices 94 and 96 are responsive to ¢, signal
50 and ¢, signal 52, respectively, and set the voltage at gate 92
10 VP~ 98 in ¢, and to VP, 100 in ¢,, as described below.

In operation, during ¢, switching device 94 is on (closed)
and switching device 96 is off (open) resulting in gate 92
being connected to the voltage VP ;- 98. VP .- 98 is set to
any desired voltage, e.g., V, described above, that ensures
series-pass switch 80 is off during ¢, . During ¢, source 102
of series-pass switch 80 is raised to the programmable
boosted voltage, V057 at node 44. Switching device 96 is
closed and the voltage at gate 92 is set to VP ,,, 100 to enable
series-pass switch 80. The result is that gate drive circuit 90
ensures series-pass switch 80 is off in ¢, and prevents Vz,,or
atnode 44 from passing to output node 82 and ensures series-
pass switch 80 is on in ¢, allowing V¢, to pass to output
node 82.

Gate drive circuit 90 may include programmable digital-
to-analog converter (DAC) 110, FIG. 9A, where like parts
have been given like numbers, connected to switching device
96. DAC 110 is programmed to generate any desired pro-
grammable value of VP, needed to enable series-pass
switch 80 in ¢,. Gate drive circuit 90 may also include resis-
tive divider circuit 112, FIG. 9B, that is responsive to a volt-
age V3 114 that similarly provides a desired voltage for VP 5,
to enable series-pass switch 80 in ¢.,.

Programmable clock booster system 40e, FIG. 10, where
like parts have been given like numbers, includes clock
booster circuit 42 programmable capacitor circuit 62 and
series-pass switch 80, e.g., as PMOS or similar type device, as
discussed above. In this embodiment, gate drive circuit 90
includes voltage controlled switching device 94 that sets the
voltage at gate 92 to a first predetermined voltage, e.g., VP ;o
98, in ¢, to ensure series-pass switch 80 is off. Gate drive
circuit 90 also includes programmable capacitor divider cir-
cuit 120 connected to gate 92 of series-pass switch 80 that
adjusts the voltage at gate 92 to a second predetermined
voltage, e.g., VP54 754,, i ¢, that enables series-pass switch
80. Programmable capacitor divider circuit 120 typically
includes capacitor 122 (C,) and capacitor 124 (C,) and
switching devices 125 and 126 connected to bottom plate 134
of capacitor 122 (C,). The voltage switching on the bottom
plate 134 of capacitor 122 and the capacitive divider action of
capacitors 122 and 124 (discussed below) adjusts the voltage
at gate 92 required to enable series-pass switch 80 in ¢,. One
or both of capacitors 122 (C,) and 124 (C,) may be program-
mable and may include at least two switched capacitors.

In operation, during ¢, voltage controlled switching device
94 is closed and the voltage VP . 98 is connected to gate 92
of' series-pass switch 80, e.g., a PMOS device. VP ;- is set to
a voltage that ensures series-pass switch 80 is off during ¢, .
During ¢,, top plates 130 and 132 of capacitors 122 (C,) and
124 (C,), respectively, are charged to VP, 98 and bottom
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plate 134 of capacitor 122 (C,) is set to the voltage V3 140.
Bottom plate 136 of capacitor 124 (C,) is connected to
ground. At the end of ¢,, switching device 94 opens and the
voltages V3 140 and VP - 98 are sampled by capacitors 122
(Cy) and 124 (C,). During ¢,, source 102 of series-pass
switch 80 is boosted to the programmable boosted voltage,
Visoosr at node 44. Bottom plate 134 of capacitor 122 (Cy)
is pulled to ground via switching device 126. The voltage at
node 150, VP, then drops due to the capacitive divider
action of programmable capacitors 122 (Cy) and 124 (C;).
The final voltage at node 150, VP, ;. at the end of ¢, is
therefore equal to:

Cx 2)
VPosre,, = VForr - V3 Yy

where C, is the capacitance of capacitor 122 and Cy is the
capacitance of capacitor 124. The result is that source 102 of
PMOS series-pass switch 80 increases to the programmable
boosted voltage, Vz,osr at node 44, while the gate 92
decreases to VP, -z, so that the PMOS series-pass switch 80
is turned on during ¢,. As discussed above, one or both of
capacitors 122 and 124 may be programmable, and may
include an array of switched capacitors. This provides the
ability to vary the voltage at VP 5,7z, Over a programmable
range of voltages. The capacitive values of capacitors 122
(Cy) and 124 (C,) can be programmed so that the voltage
VP 714, tracks the programmable boosted voltage, V35057
as determined by the capacitance of programmable capacitor
circuit 62 (CA) described above. The result is that Vg5~
VP 714, Will be constant thus providing a constant V. turn
on voltage for PMOS series-pass switch 80.

Programmable clock booster system 40f; FIG. 11, where
like parts have been given like numbers, shows an example, in
which the voltages V1 47, V2 58, V3 140 and VP 98,
discussed above, are all set to a common voltage V. In this
example, the capacitances of boost capacitor 43 (C1), pro-
grammable capacitor circuit 62 and gate drive circuit 90 are
selected so that system 40f generates a constant gate-to-
source voltage, V 5, on series-pass switch 80 over variations
in the programmable boosted voltage, Vzoosr In this
example, the capacitance of capacitor 124 (C,) is selected (or
programmed) to be equal to the capacitance of boost capaci-
tor 43 (C1) and the capacitance of capacitor 122 (Cy) is
selected (or programmed) to be equal to the capacitance of
programmable capacitor circuit 62 (CA). Accordingly, using
the capacitor relationships discussed above, VP, will
track V5557 thus maintaining a constant Vg for PMOS
device 80 over the full programming range of V057

Programmable clock booster system 40g, FIG. 12, where
like parts have been given like numbers, shows an example
similar to programmable clock booster system 40f above in
which the voltages V147, V2 58,V3140 and VP - 98 are set
to Vp. In this example programmable capacitor circuit 62
includes capacitor array 64a with switched capacitors 240
(C,),242 (C,), 244 (C,) with switching devices 246 (S ), 248
(S,), and 250 (S ), respectively. Gate drive circuit 90 includes
programmable capacitor circuit 120 with capacitor 122 (Cy)
configured as programmable capacitor array 206 with
switched capacitors 220 (C,), 222 (C,), 224 (C,) that are
programmed with switching devices 226 (S,), 228 (S,) and
230 (S,). Gate drive circuit 90 also includes capacitor 124
(Cy) and voltage controlled switching device 94. When the
selected or programmed capacitance of capacitor array 64a
are matched to the selected or programmed capacitance of
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capacitor array 206 and capacitor 124 (C,) is matched to
boost capacitor 43 (C1), system 40g provides a constant V
on series-pass switch 80 that is equal to -V, in ¢, over the
full programmable boosted voltage range.

Although as described above with reference to FIGS. 3-12,
programmable clock booster system 40 includes program-
mable capacitor circuit 62 that provides a programmable
boosted voltage, V3 5557 this is not a necessary limitation of
this invention. Clock booster system 404, FIG. 13, where like
parts have been given like numbers, may include a clock
booster circuit 42 as described above capacitor circuit 62a
that provides a variable boosted voltage at node 44 between
V1 47 and the sum of V1 47 plus V2 58 that is determined by
the capacitance of boost capacitor 43 and capacitor circuit
62a. System 40/ also includes a series-pass switch 80 and
gate drive circuit 90 that may be programmable as discussed
above, that include similar devices and operate similarly as
described above. Also as described above, selecting the
capacitance of boost capacitor 43 (C1) to be equal to the
capacitance of capacitor 124 (C;) and the capacitance of
capacitor circuit 62a (C2) to be equal to the capacitance of
capacitor 122 (C,) results in a constant V 5 on series-pass
switch 80 in ¢.,.

Although specific features of the invention are shown in
some drawings and not in others, this is for convenience only
as each feature may be combined with any or all of the other
features in accordance with the invention. The words “includ-
ing”, “comprising”, “having”, and “with” as used herein are
to be interpreted broadly and comprehensively and are not
limited to any physical interconnection. Moreover, any
embodiments disclosed in the subject application are not to be
taken as the only possible embodiments.

In addition, any amendment presented during the prosecu-
tion of the patent application for this patent is not a disclaimer
of any claim element presented in the application as filed:
those skilled in the art cannot reasonably be expected to draft
a claim that would literally encompass all possible equiva-
lents, many equivalents will be unforeseeable at the time of
the amendment and are beyond a fair interpretation of what is
to be surrendered (if anything), the rationale underlying the
amendment may bear no more than a tangential relation to
many equivalents, and/or there are many other reasons the
applicant can not be expected to describe certain insubstantial
substitutes for any claim element amended.

Other embodiments will occur to those skilled in the art and
are within the following claims.

What is claimed is:

1. A programmable clock booster system comprising:

a clock booster circuit including at least one boost capaci-
tor connected between a first node and a second node for
sampling an input voltage in a first phase and applying a
boosting voltage to said second node during a second
phase;

a programmable attenuator capacitor circuit connected to
said first node for sampling the input voltage in the first
phase and providing a programmable boosted voltage
having a voltage level between the input voltage and the
sum of the input voltage and the boosting voltage on said
first node during said second phase;

a series-pass switch connected to said programmable
attenuator capacitor circuit for preventing said program-
mable boosted voltage to pass to an output node in said
first phase and allowing said programmable boosted
voltage to pass to said output node in said second phase,
said series-pass switch includes a voltage controlled
switch responsive to a control voltage that enables or
disables said series-pass switch; and



US 7,920,017 B2

11

a gate drive circuit including at least first and second
switched capacitors connected to a gate of said series-
pass switch for adjusting the voltage at said gate to a first
predetermined voltage that disables said series-pass
switch in said first phase and for adjusting the voltage at
said gate to a second predetermined voltage that enables
said series-pass switch in said second phase, wherein the
first and second switched capacitors adjust the voltage at
said gate to track the boosting voltage based on the
programmable attenuator capacitor circuit.

2. The system of claim 1 in which said programmable
attenuator capacitor circuit includes a capacitor array includ-
ing at least two switched capacitors.

3. The system of claim 2 in which said programmable
boosted voltage is determined by the capacitance of said at
least one boost capacitor and the total capacitance of the
enabled capacitors of said capacitor array.

4. The system of claim 1 in which said series-pass switch
includes at least one transconductance component chosen
from the group consisting of a PMOS device and an NMOS
device.

5. The system of claim 4 in which said series-pass switch
includes a PMOS device.

6. The system of claim 5 in which a predetermined voltage
is applied to a gate of said PMOS device that ensures said
PMOS device is off in said first phase and on in said second
phase.

7. The system of claim 1 in which said gate drive circuit
includes a plurality of switching devices connected to a plu-
rality of voltage sources.

8. The system of claim 7 in which said gate drive circuit
includes a programmable digital-to-analog converter.

9. The system of claim 1 in which said gate drive circuit
includes a resistive divider circuit.

10. A programmable clock booster system comprising:

a clock booster circuit including at least one boost capaci-
tor connected between a first node and a second node for
sampling an input voltage in a first phase and applying a
boosting voltage to said second node during a second
phase;

a programmable attenuator capacitor circuit connected to
said first node for sampling the input voltage in the first
phase and providing a programmable boosted voltage
having a voltage level between the input voltage and the
sum of the input voltage and the boosting voltage on said
first node during said second phase;

a series-pass switch connected to said programmable
attenuator capacitor circuit for preventing said program-
mable boosted voltage to pass to an output node in said
first phase and allowing said programmable boosted
voltage to pass to said output node in said second phase,
said series-pass switch includes a voltage controlled
switch responsive to a control voltage that enables or
disables said series-pass switch; and

a gate drive circuit connected to a gate of said series-pass
switch for adjusting the voltage at said gate to a first
predetermined voltage that disables said series-pass
switch in said first phase and for adjusting the voltage at
said gate to a second predetermined voltage that enables
said series-pass switch in said second phase,

wherein said gate drive circuit further includes a voltage
controlled switching device connected to said gate of
said series-pass switch for setting the voltage on said
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gate to said first predetermined voltage in said first phase
and a capacitor divider circuit connected to said gate for
adjusting the voltage on said gate to said second prede-
termined voltage in said second phase.

11. The system of claim 10 in which said capacitive divider
circuit includes at least first and second capacitors.

12. The system of claim 11 in which one or both of said first
and second capacitors includes a programmable capacitor.

13. The system of claim 12 in which said programmable
capacitor includes a capacitor array having at least two
switched capacitors.

14. The system of claim 11 in which said second predeter-
mined voltage is determined by the capacitance of said first
and second capacitors.

15. The system of claim 12 in which said second predeter-
mined voltage is determined by the capacitance of said first
and second capacitors.

16. The system of claim 12 in which the capacitance of said
first and second capacitors is chosen so that said second
predetermined voltage tracks said boosted voltage.

17. The system of claim 16 in which said input voltage and
the capacitance of said boost capacitor, said programmable
capacitor circuit and said gate drive circuit are selected so that
said gate drive circuit generates a constant gate to source
voltage on said series-pass switch over variations in said
programmable boosted voltage.

18. A programmable clock booster system comprising:

a clock booster circuit including at least one boost capaci-
tor connected between a first node and a second node for
sampling an input voltage in a first phase and applying a
boosting voltage at said second node in a second phase;

a capacitor circuit connected to said first node for sampling
the input voltage in the first phase and providing a vari-
able boosted voltage between said input voltage and the
sum of said input voltage and said boosting voltage;

a series-pass switch connected to said capacitor circuit for
preventing said variable boosted voltage to pass to an
output node in said first phase and allowing said variable
boosted voltage to pass to said output node in said sec-
ond phase; and

a gate drive circuit including at least first and second
switched capacitors connected to a gate of said series-
pass switch for adjusting the voltage at said gate to a first
predetermined voltage that disables said series-pass
switch in said first phase and for adjusting the voltage at
said gate to a second predetermined voltage that enables
said series-pass switch in said second phase, wherein the
first and second switched capacitors adjust the voltage at
said gate to track the boosted voltage based on the
capacitor circuit.

19. The system of claim 18 in which said capacitor circuit
includes a capacitor array including at least two switched
capacitors.

20. The system of claim 18 in which said variable boosted
voltage is determined by the capacitance of said at least one
boost capacitor and the total capacitance of the enabled
capacitors of said capacitor array.

21. The system of claim 18 in which said series-pass switch
includes a voltage controlled switch responsive to a control
voltage that enables or disables said series-pass switch.

22. The system of claim in which said series-pass switch
includes at least one transconductance component chosen
from the group consisting of a PMOS device and an NMOS
device.
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23. The system of claim 22 in which said series-pass switch
includes a PMOS device.

24. The system of claim 23 in which a predetermined
voltage is applied to a gate of said PMOS device that ensures
said PMOS device is off in said first phase and on in said
second phase.

25. The system of claim 18 in which said gate drive circuit
further includes a voltage controlled switching device con-
nected to said gate of said series-pass switch for setting the
voltage on said gate to said first predetermined voltage in said
first phase and a capacitor divider circuit connected to said
gate for adjusting the voltage on said gate to said second
predetermined voltage in said second phase.

26. The system of claim 25 in which said capacitive divider
circuit includes at least first and second capacitors.

27. The system of claim 26 in which one or both of said first
and second capacitors includes a programmable capacitor.
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28. The system of claim 27 in which said programmable
capacitor includes a capacitor on array having at least two
switched capacitors.

29. The system of claim 26 in which said second predeter-
mined voltage is determined by the capacitance of said first
and second capacitors.

30. The system of claim 27 in which said second predeter-
mined voltage is determined by the capacitance of said first
and second capacitors.

31. The system of claim 27 in which the capacitance of said
first and second capacitors is chosen so that said second
predetermined voltage tracks said variable boosted voltage.

32. The system of claim 31 in which said input voltage and
the capacitance of said boost capacitor, said capacitor circuit
and said gate drive circuit are selected so that said gate drive
circuit generates a constant gate to source voltage on said
series-pass switch over variations in said variable boosted
voltage.



